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@ Sheet handling device. 

@ A sheet handling device comprising a first 
roller (5) defining a reference surface which 
defines part of a sheet feed path along which 
sheets are fed. The roller (5) is mounted to a 
support (26) by arms (6) such that under normal 
working conditions the roller is fixed relative to 
the support The arms (6) are biassed by a 
spring (12) to hold the roller (5) in its fixed 
position, the spring force being such that under 
abnormal conditions the roller (5) moves rela- 
tive to the support (26) whereby the reference 
surface moves away from its sheet feed path 
defining position. 
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This invention relates to a sheet handling device, 
for example for use in a sheet thickness detection de- 
vice. 

Sheet handling devices are known for handling 
sheets for a variety of purposes. In many cases, it is 
necessary to monitor the passage of a sheet in order 
for example to count the sheet and/or determine its 
validity. In these and other cases, conventional sheet 
handling devices include a first member defining a 
reference surface which defines part of a sheet feed 
path along which sheets are fed. A typical example of 
such a sheet handling device is a sheet thickness 
monitoring or detection device. Measurement of thick- 
ness of sheets such as banknotes is of ten required in 
order to determine that only single sheets are in tran- 
sit in a system rather than multiple sheets. The pres- 
ence of multiple sheets stuck together may result in 
a miscount, as well as preventing inspection of some 
of those sheets as they pass through the system. 

An example of a conventional sheet thickness de- 
tection system is given in British Patent Publication 
No. GB-A-2241228 which describes a pair of juxta- 
posed rollers, one of which (the datum roller) is rigidly 
fixed and the other of which (the sensor roller) is free 
to move. The sensor roller is restrained from move- 
ment by means of rubber inserts so that as a sheet 
passes through, the rubber deflects and movement of 
the roller is sensed by shoes riding on the surface of 
the roller. The shoes displace a sensing. element, in 
this case an LVDT (Linear Variable Differential Trans- 
former), which outputs a signal corresponding to the 
note thickness. This system encounters a number of 
problems. The use of shoes on the roller gives rise to 
wear, and the generation of heat by friction at high 
speeds. The effect of wear on the shoes is to cause 
the signal they produce to be different from that when 
there is no wear. The higher the speed the greater the 
problems. The signals generated may also be altered 
by the presence of dirt on the shoes. LVDTs require 
careful setting up and may give a different signal lev- 
el from one shoe as from another. 

In some applications, for example in banknote 
processing apparatus such as sorting or counting ap- 
paratus, a particular problem arises when monitoring 
unchecked sheets such as used notes. It is quite com- 
mon for pins or staples to be present on the note or 
for there to be adhesive tape or corner folds which af- 
fect the sensed thickness. It is desirable that such 
contaminated notes should pass through the system 
and be rejected along with suspected double feed 
notes so that the sorting process need not be halted. 
In a conventional system where there is a fixed refer- 
ence roller and a movable sensor roller the presence 
of staples or pins in a note will cause the sensor roller 
to be displaced by relatively large amounts with re- 
spect to displacement due to a single note. This 
means that the measurement system must cope with 
large displacements as well as small ones, resulting 



in less accuracy in the measurements for small dis- 
placements. The use of rubber as a pressure medium 
for the sensor roller means that large forces are in- 
duced due to the passage of a staple which can pro- 
5 duce distortion of the rubber. In existing systems, the 
rubber is the only means of accommodating large 
bodies and must be capable of deforming sufficiently. 

In accordance with the present invention, a sheet 
handling device comprises a first member defining a 
10 reference surface which defines part of a sheet feed 
path along which sheets are fed, the member being 
mounted to a support by a mounting arrangement 
such that under normal working conditions the mem- 
ber is fixed relative to the support, the mounting ar- 
ts rangement being such that under abnormal condi- 
tions the member defining the reference surface 
moves relative to the support whereby the reference 
surface moves away from its sheet feed path defining 
position. 

20 In contrast to known sheet handling devices 

where jamming or other problems arise, the present 
invention enables the reference surface itself to move 
away from the sheet feed path defining position in ab- 
normal conditions and avoid damage to the appara- 

25 tus. 

Typically, the device will further comprise a sec- 
ond member cooperating with the reference surface 
of the first member such that sheets can be fed be- 
tween the members in use. In some cases, the first 

30 and second members can contact one another while 
in others they will be spaced apart to define a gap. 

This second member could comprise a fixed wall 
or the like defining a gap through which sheets falling 
within an acceptable range of thicknesses can pass 

35 but typically the second member is movable relative 
to the reference surface under normal working condi- 
tions in response to the thickness of sheets passing 
between the members. 

Preferably, the second member is mounted to a 

40 compliant support, the device further comprising 
measuring means for measuring the strain imparted 
to the compliant support when a sheet passes be- 
tween the members so as to monitor displacement of 
the second member relative to the first member. 

45 The use of strain measurement to monitor dis- 

placement of the second member is particularly con- 
venient since this avoids the problems of wear and 
heat associated with the use of shoes and the like and 
the consequent variation in output signal encountered 

so in conventional thickness measuring systems. An ex- 
ample of a strain monitoring system is described in 
JP-A-61 248841. 

Preferably, the compliant support comprises one 
or a pair of cantilever arms, a ring, or, a beam fixed 

55 at both ends; although other arrangements common- 
ly used in measuring strain may be chosen. 

Preferably, the compliant support is a metal sup- 
port, although other suitable materials such as plas- 
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tics could be used. 

To further improve the accuracy of the device, 
preferably the device further comprises damping 
means mounted to the compliant support. 

Typically, the means for measuring strain com- 
prises at least one strain gauge mounted to the com- 
pliant support 

Preferably, one or both of the first and second 
members comprise one or more rollers. This is partic- 
ularly convenient since the or each roller can com- 
prise a feed roller for feeding sheets through the de- 
vice. 

In some cases, movement of the first member 
may be controlled by a control system which is re- 
sponsive to the detection of abnormal conditions pos- 
itively to move the reference surface away from the 
sheetfeed path defining position. For example, an ab- 
normal condition could be detected by a thickness de- 
tector which activates the control system to move the 
first member. 

Preferably, however, a passive arrangement is 
provided in which the mounting arrangement includes 
biassing means for biassing the first member to its 
normal, fixed position. The bias force of the biassing 
means will hold the first member in its fixed position 
during normal working conditions but is overcome 
during abnormal conditions. Conveniently, the biass- 
ing means comprises a compression spring. 

The device according to the invention is particu- 
larly suited to the handling of banknotes and other 
documents of value although it is applicable to the 
handling of other sheets, for example in photocopying 
machines and the like. The device may be incorporat- 
ed into any sheet processing system, for example a 
sheet thickness detection system, sheet counting 
system, sheet dispensing or accepting system and 
the like. 

An example of a thickness detection device ac- 
cording to the present invention will now be described 
with reference to the accompanying drawings, in 
which:- 

Figure 1 shows a partly cut away side- view of a 
thickness detection device in accordance with 
the present invention; 

Figure 2 is a partly cut-away perspective view of 
the device of Figure 1 ; 

Figure 3 is a schematic front view of a modified 

version of the Figure 1 device; and 

Figure 4 illustrates a modified roller drive system. 

Figures 1-3 show a pair of aluminium side-plates 
26 joined together by tie bars 4. Each of the pair of alu- 
minium side-plates 26 is machined to form a cantilev- 
er arm 1. Each cantilever arm 1 is provided with one 
or more strain gauges 2 fixed in such a way that the 
displacement of a sensor roller 15 rotatably mounted 
in bearings between remote ends of the cantilever 
arms can be measured by the, or each, strain gauge 
2 as a function of the strain imparted to the arm(s). 



The, or each, strain gauge 2 is configured as a full 
Wheatstone bridge circuit (not shown) in a conven- 
tional manner and is connected to a microprocessor 
(not shown) which determines displacement of the 

5 roller 1 5 from the measured strain(s) and controls op- 
eration of the device accordingly. A dead stop 3 fitted 
to each arm 1 limits upward movement of the canti- 
lever arms 1. 

A datum roller 5 defining a reference surface and 

10 typically made of hardened steel is non-rotatably 
mounted on a shaft 8 mounted for rotation in bearings 
in a pair of support arms 6. The pair of arms 6 are prv- 
otally mounted on pins 7 in the side plates 26. Drive 
is imparted to the datum roller shaft 8 via a toothed 

15 pulley 30 around which is entrained a belt 28 which 
is also entrained around a pulley 32 non-rotatably 
fixed to the shaft 8. Transmission to the pulley 30 is 
by means of a pulley 31 which is connected by a tim- 
ing belt 19 to a drive motor (not shown). To restrain 

20 the arms 6 from clockwise rotation about the pins 7, 
stops are fitted comprising eccentric (snail) cams 9 
on pins 1 0 mounted to side plates 26, and cooperating 
anvils 11 on the arms 6. 

As shown in Figure 3, the two rollers 1 5,5 are con- 

25 nected by intermeshing gears 20,33 on the roller 
shafts projecting outside one of the side-plates 26. 

In an alternative arrangement, the rollers 15,5 
are driven by a drive belt and pulley system. Such a 
pulley and drive belt system is shown in Figure 4, 

30 where the drive gears 20 and 33 are replaced by "O"- 
ring pulleys 41 and 42 respectively. 

The pulleys are driven by a single "0"-ring drive 
belt, 43, which is an elastic belt of circular cross- 
section. The belt takes a figure of eight path around 

35 a pair of idler pulleys 44 and 43 which are convenient- 
ly rotatably mounted on the same pivot pin 7 as the 
arm 6 is mounted on. This ensures that there is no al- 
teration in the fitted tension in the belt even during the 
largest movements of the arm 6, since the pulleys re- 

40 main at fixed centres. Two passes of the belt have to 
run at an angle to the plane of the pulley faces but this 
type of drive belt can accept this. The pulleys 43 and 
44 can rotate independently of one another. 

This twisted "O^-ring belt drive scheme causes a 

45 reversal of rotational direction as do the gears it re- 
places, but without the risk of certain problems which 
can arise with the gears. For example, the gears can 
be noisy at high speeds in comparison to the belt and 
since they move apart slightly during the passage of 

so each document, this is thought to promote more rapid 
tooth wear. When the rollers are separated for jam 
clearance, the gears can go out of mesh and some- 
times do not go back into mesh afterwards as the 
teeth could sit on each other at the tips. The gears will 

55 go back into mesh as soon as rotation started but with 
an accompanying loud noise as they drop into mesh. 

A compression spring 12 placed centrally be- 
tween the side plates 26 applies a controlling force on 
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the arms 6 in the clockwise direction and acts upon 
a bridge bar 13 which extends underneath and is 
fixed to both arms 6. Asimilar bridge bar 14 spans the 
two side plates 26 underneath, and holds the spring 
12 in compression. 

For the particular application of measuring thick- 
ness of banknotes in order to count the notes, thick- 
nesses of up to two notes need to be accurately 
measured. If more than two notes are sensed be- 
tween the rollers 15,5 then it is assumed that the 
sheets passing will be rejected. Measurement above 
single note thickness is made to determine the differ- 
ence between single and double notes or to evaluate 
the amount of contamination on a note eg tape. Move- 
ment of the cantilever arm 1 is limited by the dead 
stop 3 fitted to the arm. The limit of movement will be 
typically three notes thickness, after which further 
bending of the cantilever arm 1 is prevented so that 
permanent damage is not caused to either the arm or 
the strain gauges 2. 

When no note is being fed, the datum roller 5 and 
sensor roller 1 5 are usually set up to have a small gap 
between them. This gap is less than the thickness of 
one note and means that the cantilever arm 1 is under 
no load at the start of a measurement operation and 
that there is no contact between the rollers 5,15 which 
can produce undesirable noise and wear. The larger 
this gap the smaller the impact of a sheet entering the 
rollers, ie the overall signal strength is reduced be- 
cause the sensor roller does not have so far to move 
to ride over a note. In some cases, however, the roll- 
ers 5,15 may contact each other. 

In operation, sheets such as banknotes are fed 
by conveyor belts or rollers (not shown) to the nip de- 
fined between the rollers 5,15. Initially, when there is 
no sheet between the sensor roller 1 5 and the datum 
roller 5 there is no force on the cantilever arms 1 other 
than the weight of the sensor roller 15. The passage 
of a sheet or sheets between the sensor roller 15 and 
datum roller 5 exerts an upward force on the arms 1 
which causes shear stress in the arms while the da- 
tum roller 5 remains in a substantially fixed position 
relative to the side plates 26 due to the force of the 
spring 12. This shear stress is measured as an imbal- 
ance in the full Wheatstone bridge connected strain 
gauges 2. This produces an output voltage propor- 
tional to the thickness of the sheet or sheets passing 
through which can be used for the purpose of detect- 
ing single or double sheets and the like in a conven- 
tional manner. 

Strain gauges are commonly used to detect lev- 
els of stress and strain in materials, but in this exam- 
ple what is being measured are the deflections which 
produce the strain or stress in the arms 1. The arm 1 
has compliance, ie the arm is capable of bending un- 
der loads imposed as a sheet passes between the 
sensor roller 15 and the datum roller 5. 

The shape of the cross section of the arm 1 is 



chosen to provide an arm of correct proportions for 
mounting the or each strain gauge 2 and for bending 
with the desired load displacement characteristics. 
The stiffness of the arm 1 is defined by the thickness 

5 of the aluminium side-plate 26, the depth of section 
of the arm 1 and the length of the arm. The dimen- 
sions chosen provide an arm 1 with sufficient rigidity 
to force the sensor roller 15 to move at speeds fast 
enough to measure the features of interest on the 

10 sheet, ie to keep the natural frequency high whilst not 
being so great that compressive damage to the 
sheets might occur. The length of the arm 1 is kept 
short so that the physical size of the sheet handling 
system is minimised. The strains which the arm 1 ex- 

15 periences in service and the levels of strain in the 
gauges 2 themselves are kept to a low level so that 
no fatigue occurs in use. 

As the or each strain gauge 2 is bonded to the 
cantilever arm prior to installation in a note handling 

20 system they require no further adjustment. If desired 
a replacement side-plate may be provided without re- 
quiring setting up operations so that the assembly is 
quicker and cheaper to use than LVDTs (linear voltage 
displacement transducers). Strain gauges are accu- 

25 rate and sensitive and have a high fatigue life as they 
are designed to be used only for low strains. The sig- 
nal gain produced from each arm is predictable and 
does not need to be adjusted when assembled. A 
side-plate can be manufactured with all the provi- 
so sions of mounting the sensor and datum rollers and 
ancillary items incorporated so that production costs 
are kept low and replacement in the field is simplified. 

Although in this example two cantilever arms 1 
are mounted with the strain gauges 2, it is possible to 

35 have one or more strain gauges mounted on only one 
arm. 

As an alternative to the cantilever arm 1 , the sen- 
sor roller 15 may be fitted in a deflecting, support for 
example in the form of a ring of metal which is squash- 

40 ed by deflection of the sensor roller, or a beam fixed 
at both ends. Other shapes commonly used in strain 
gauge load ceils are U-shape or S-shape which can 
be designed to have an appropriate amount of deflec- 
tion for the load desired in this application. 

45 A mass such as roller 1 5, supported on a spring 

element such as cantilever arm 1, can be unstable 
since a forcing vibration can cause the system to res- 
onate and large amplitudes of movement are possi- 
ble. This would cause the signals obtained from the 

so strain gauges 2 to be unreadable as oscillations of the 
roller 15 would mask the inclusions on the surface of 
the note which were required to be measured. The de- 
vice therefore uses viscous damping as a means of 
removing the energy in the system which causes un- 

55 wanted oscillations on the output signals. Damping 
produces a stable system whereby the roller 15 accu- 
rately tracks the surface of the note. Thus, to each 
side-plate assembly 26 is fitted a simple piston 16 
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which is rigidly connected to the side-plate. As shown 
in Figure 1 , a lightweight cup 1 7 is rigidly fixed to the 
cantilever arm 1 and filled with oil to a level 18 in 
which the piston 16 is received. A simple convolute 
elastomeric seal 40 prevents any oil leaking from the s 
system during handling or storage but is not an essen- 
tia! part of the system. 

System damping can be more easily controlled 
than in a system where rubber is relied on to provide 
the resilient mounting, the restoring damping force for 10 
system stability and zero positioning of the roller. By 
separating these variables it is possible, for example, 
to increase system stiffness whilst maintaining damp- 
ing at the same value. This is a particularly useful fea- 
ture in the system described where the need for in- is 
creased throughput creates higher running speeds 
and more arduous dynamic conditions than previous- 
ly encountered. 

The sensor and datum rollers 5,15 are produced 
from metal and there is no rubber used in their mount- 20 
ings. This gives the thickness detection device an in- 
herent temperature stability which is lacking in the pri- 
or art Since the coefficient of expansion of rubber is 
greater than that of metal the possibility of mechani- 
cal settings drifting due to temperature changes is 25 
minimised by using the strain gauge system. In a 
strain gauge using a wheatstone bridge circuit the ef- 
fects of temperature variations tend to be self cancel- 
ling. In one particular configuration (not shown) 
where the strain gauges are arranged back to back, 30 
on a thin shear web at the neutral axis, this self- 
cancelling feature is particularly effective and no sig- 
nificant change in signal at the output of the bridge 
will be produced due to temperature variation. 

In the system described, the datum roller 5 re- 35 
mains fixed whilst measuring note thickness, but it is 
able to move away from the sensor roller when abnor- 
mal conditions occur, such as the passage of large 
bodies. This protects the sensor roller from being 
subjected to undue strain when a large item passes 40 
between the rollers 5,15. 

A controlling force is applied to the datum roller 
support arms 6 by the spring 12 to keep the anvils 11 
of the arms against the adjustable cams 10. The 
amount of force applied is just sufficient to keep the 45 
datum roller 5 in its fixed position for all normal note 
thickness measurements, but light enough to be over- 
come when an undesired thickness due to the pas- 
sage of too many notes or the passage of staples or 
other such large items passes through the nip be- 50 
tween the rollers 15,5. When a large item passes 
through the rollers, the datum roller 5 is forced down- 
wards away from the cams 10 against the bias of 
spring 12 and then recovers its original position when 
the item has passed. 55 

The force of the spring 12 is matched to the 
load/displacement characteristic of the cantilever 
arm 1 such that the datum roller arms 6 begin to sep- 



arate from the cams 10 when three notes attempt to 
pass through. The coil spring 12 is a long spring com- 
pressed to a short length which means that whilst the 
preload force exerted by the spring 12 is appreciably 
high, the increase in force experienced in the system 
during the passage of e.g. a staple is not as great as 
it would be if the datum roller 5 were fixed and the 
cantilever arm 1 had to take the whole of the move- 
ment. The rate or force per unit displacement of the 
cantilever arm 1 is very much higher than of the com- 
pression spring and it is this balance between these 
two spring forces which enables the system to re- 
spond to overload conditions without causing perma- 
nent damage to the measurement system 2 or the 
bearings. It is a fail safe mechanism which limits the 
amount of force which can be applied between the 
two rollers 5,15. The two intermeshing gears 20,33 
move apart slightly when notes pass through the sys- 
tem and move even further apart for the passage of 
pins and staples, going back into full mesh after- 
wards. The datum roller 5 can move several millime- 
tres, a distance much larger than normally encoun- 
tered with staples and pins. 

The controlling force does not necessarily need 
to be applied with a compression spring. Tension 
springs, torsion springs or even rubber could be used 
provided that they apply the correct amount of pre- 
load and have the load/displacement characteristic 
required. 

Figure 3 illustrates a modification in which a 
mechanism enabling roller separation for jam clear- 
ance to be achieved. This includes a snail cam 21 
mounted to a side plate 26 and which can be rotated 
through almost a full revolution. The cam 21 acts 
upon a cam follower 22 and the shape of the cam 21 
provides both a convenient stop for the motion and a 
detent to hold the rollers 15,5 apart until required to 
be released. Cam follower 22 is fixed to the end of 
horizontal bar 23 which is pivotally mounted at 24 to 
the other side plate 26. 

A vertical link 25 connects the bridge bar 13 to the 
centre of the horizontal bar 23 and pulls down the 
bridge bar hence releasing the rollers upon rotation of 
the cam 21. The bar 23 moves to the approximate 
position shown by dotted line 27 and produces a 
movement of two or three millimetres at the rollers. 
For convenience of operation the snail cam 21 is fit- 
ted with a handle or knob 29. 



Claims 

1 . A sheet handling device comprising a first mem- 
ber (5) defining a reference surface which de- 
fines part of a sheet feed path along which sheets 
are fed, the member being mounted to a support 
(26) by a mounting arrangement (6) such that un- 
der normal working conditions the member is 
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fixed relative to the support, the mounting ar- 
rangement being such that under abnormal con- 
ditions the member defining the reference sur- 
face moves relative to the support whereby the 
reference surface moves away from its sheet 5 
feed path defining position. 

2. A device according to claim 1 , further comprising 
a second member (15) cooperating with the ref- 
erence surface of the first member (5) such that 10 
sheets can be fed between the members in use. 



eludes at least one arm (6) pivoted to the support 
(26). 

13. A device according to any of the preceding 
claims, wherein the abnormal condition corre- 
sponds to the passage of an article to or along the 
reference surface having a thickness greater 
than a predetermined amount. 



A device according to claim 2, wherein the sec- 
ond member (15) is movable relative to the refer- 
ence surface under normal working conditions in 15 
response to the thickness of sheets passing be- 
tween the members. 



4. A device according to claim 3 f wherein the sec- 
ond member (1 5) is mounted to a compliant sup- 20 
port (1), the device further comprising measuring 
means (2) for measuring the strain imparted to 

the compliant support when a sheet passes be- 
tween the members so as to monitor displace- 
ment of the second member relative to the first 25 
member. 

5. A device according to claim 3, wherein the com- 
pliant support (1) comprises one of a canti levered 
arm, a ring, and a compliant beam fixed at both 30 
ends. 

6. A device according to claim 4 or claim 5, wherein 
the means for measuring strain comprises at 
least one strain gauge (2) mounted to the compli- 35 
ant support (1). 

7. A device according to any of claims 2 to 6, where- 
in the second member comprises a roller (15). 

40 

8. A device according to any of the preceding 
claims, wherein the first member comprises a 
roller (5). 

9. A device according to claim 7 or claim 8, wherein 45 
the roller (5,15) comprises a feed roller. 

10. A device according to any of the preceding 
claims, wherein the mounting arrangement in- 
cludes biassing means (12) for biassing the first 50 
member (5) to its normal, fixed position. 



11. A device according to claim 10, wherein the 
biassing means comprises a compression spring 
(12). 55 

12. A device according to any of the preceding 
claims, wherein the mounting arrangement in- 
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